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Background of the invention 

The invention relates to a photovoltaic module comprising a plurality of photovoltaic 
cells arranged between substrates and connected in series by connecting conductors, 
10 and an external connector pin of the module, comprising a block of insulating material 
fixed to one end of the module so as to connect to an external connector at least one 
connector electrically connected to the connecting conductor associated with a cell 
arranged at the end of the module. 

15 State of the art 

A photovoltaic cell is conventionally formed on a bulk silicon substrate cut into wafers 
having a thickness of a few hundred microns. The substrate can be made from 
monocrystalllne silicon, polycrystalline silicon or semi-conducting layers deposited on 
20 a glass or ceramic substrate. It has on its surface an array of narrow electrodes 
generally made of silver or aluminium designed to drain the current to one or more 
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main electrodes having a width of 1 to a few millimeters, also made of silver or 
aluminium. 

Each cell supplies a current dependent on the lighting In an electric voltage which 
5 depends on the nature of the semi-conductor and which is usually about 0.45V to 
0.65V for crystalline silicon. As voltages of 6V to several tens of volts are usually 
necessary to make electrical apparatuses work, a photovoltaic module is generally 
formed by an assembly of several cells in series. A module of 40 cells supplies for 
example close to 24 volts. Depending on the currents required, several cells can also 
10 be placed in parallel. A generator can then be achieved by adding possibly thereto 
storage batteries, a voltage regulator, etc. 

To achieve a photovoltaic module, the cells are prepared, i.e. covered with an array of 
electrodes and connected to one another by metal conductors. The assembly thus 
15 formed is then placed between two sheets of polymer themselves pressed between 
two glass substrates. The assembly is then heated to about 120''C to soften the 
polymer greatly, to make it transparent and achieve mechanical cohesion of the 
module. 

20 In a known photovoltaic cell 1, represented in figure 1, rear connecting conductors 5' 
associated with a first cell 2a are connected to the front connecting conductors 5 
associated with an adjacent second cell 2b. If the module comprises more than two 
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cells, the rear connecting conductors of the second cell are then connected to the 
front connecting conductors of the next cell, all the cells in this way being connected 
In series. In practice, a rear connecting conductor 5' of one cell and the associated 
front connecting conductor 5 of the next cell can be formed by one and the same 
5 conductor. The conductors (5 and 5') and the cells 2 can be surrounded by a layer of 
polymer material 6 arranged between a front glass substrate 3 and a rear glass 
substrate 4. The end of a connecting conductor (5 and 5') of an end cell is salient 
outwards from the module 1 and forms an external connector 7. Such connectors 
become damaged and oxidize with time. The degradation is all the greater the larger 
10 the module and the greater the current and voltage supplied by the module. 

The document US 6,075,201 describes a photovoltaic module comprising a plurality 
of photovoltaic cells arranged between substrates and connected to one another by 
connecting conductors. The connecting conductor of a cell arranged at the end of the 
15 module is connected to an external connector. In the document EP 0,798,787, a 
connector is fixed to the end of a photovoltaic module by means of a sealing paste. 
These connectors are complex. 

20 
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Object of the invention 

The object of the invention is to remedy these shortcomings and, in particular, to 
provide a connection of a photovoltaic module minimizing the problems of 
5 degradation and oxidation of connectors connecting the module with the outside. 

According to the invention, this object is achieved by a photovoltaic module according 
to the accompanying claims. In particular, as the block of insulating material is glued 
to the end of the module, the contact between an internal end of the connector and a 
10 free end of the connecting conductor associated with a cell arranged at the end of the 
module is achieved by pressure generated by means of a deformation. The 
deformation can be achieved either at the free end of the connecting conductor or at 
the internal end of the connector. 

1 5 Brief description of the drawings 

Other advantages and features will become more clearly apparent from the following 
description of particular embodiments of the invention given as non-restrictive 
examples only and represented in the accompanying drawings, in which: 

20 

Figure 1 is a photovoltaic module according to the prior art. 
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Figures 2 to 4 and 8 represent different particular embodiments of external connector 
pins of the module according to the invention. 

Figure 5 represents a cross-sectional view along the line AA of figure 4. 
Figures 6 and 7 represent a particular embodiment of an external connector pin of the 
5 iTiodule, figure 7 being a cross-sectional view along the line BB of figure 6. 

Description of particular embodiments. 

10 The photovoltaic module 1 comprises metal connectors 11 designed to enable 
external connection of the module 1 . Figures 2 to 8 represent various embodiments of 
external connector pins 13 of the module each comprising a block of insulating 
material 15 glued to the end of the module 1 so as to connect external connectors to 
the connectors 11. In a preferred embodiment, the connectors 1 1 pass tightly through 

15 a seal 12, represented in figures 2 to 5 and 8, which can be arranged between the 
two substrates 3 and 4, for example made of glass, so as to define a tight internal 
volume, inside the module 1 , wherein the cells 2 are arranged. A negative pressure is 
preferably formed inside the tight internal volume by any suitable means. The seal 12 
can be a seal made of organic material or of mineral material. In the latter case, the 

20 assembly can be annealed at a much higher temperature than the ambient 
temperature, for example between 180*^0 and 500^C, in order to perform sealing and 
the negative pressure forms automatically when cooling of the module is performed. 
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This negative pressure enables welds between the connecting conductors 5 and cells 
2 to be eliminated. 

The contact between the connector 1 1 and the connecting conductor 5 associated 
5 with a cell 2b arranged at the end of the module 1 is ensured by pressure generated 
by a deformation. In a first embodiment, it is then internal end of the connector 1 1 that 
is deformed, as represented in figure 2. Contact is thus ensured without requiring 
welding. The connector 11 and/or connecting conductor 5 associated with a cell 2b 
arranged at the end of the module 1 are, for example, made of tin-plated copper, 
10 stainless steel, titanium, copper-nickel alloy, or, preferably, a beryllium-based alloy. 
The elasticity of the latter alloy enables the contact spring effect and, consequently, 
the contact conductance to be enhanced, in spite of possible variations of thickness 
which may be due to expansions of the module. Iron-nickel alloys are advantageous 
for their thermal expansion coefficient close to that of glass. 

15 

In a preferred embodiment, as represented in figures 3, 4 and 8, the connector 11 is 
electrically connected to a connecting conductor 5 associated with the cell 2 arranged 
at the end of the module 1 by deformation of the free end of the connecting conductor 
5 which thus exerts a pressure against the connector 1 1 to achieve contact, even in 
20 the absence of welding. The deformed end or the connector 1 1 can be tin-plated 
beforehand of required. Alternatively, a welding material formed by a small quantity of 
tin-plating paste can perform welding thereof when sealing is performed. 
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In figure 2, an external connector formed by a conducting wire 16 is connected in the 
block of insulating material 15, at one end of a connector 11 entering the blocl< of 
Insulating material 15. The insulating material can be a polymer material. The 
5 connector 1 1 can be a blade with a thickness comprised between 50 and 500//m, 
typically 300 //m, and a width comprised between 1 and 100mm, typically 4mm. The 
connector 1 1 passes tightly through the seal 12 and is connected on the one hand to 
the connecting conductor 5 inside the module and on the other hand to the 
conducting wire 16 outside the module. The connection zone between the connector 

10 11 and the conducting wire 16 is covered with a resin or a polymer, for example of 
epoxy type, forming the block 15 which is glued to the substrates 3 and 4. This resin 
or polymer can be molded. The advantages are the absence of non-welded contacts, 
the absence of mechanical stress during fabrication of the module and during 
subsequent connection thereof, and a great simplicity of the process due to the fact 

15 that welding between the connector 11 and conducting wire 16 can be performed 
when the module sealing operation is performed. Moreover, module protection diodes 
can be located outside the module (on the conducting wire 16), which makes for easy 
maintenance. 

20 The connectors 11 are preferably made of a material chosen from the group 
comprising copper, stainless steel, titanium and iron-nickel alloys, in particular of iron- 
nickel alloy comprising 48% nickel (FeNi-48). In preferred manner, the material of the 



connectors 1 1 is a metal or alloy the thermal expansion coefficient whereof is close to 
that of the substrates, such as FeNi-48. The connectors can also be tin-plated, gold- 
plated or nickel-plated. 

5 The connector 11 represented in figure 3 is terminated by a female part 17 of a flat 
connector arranged between the substrates 3 and 4 outside the tight volume. An 
external connector is connected to the connector 1 1 by a pin forming the male part 18 
of the flat connector and terminated by a female part 19 integrated in an opening of 
the block 15. The seal 12 is arranged at a certain distance from the end of the 

10 module, corresponding to the length of the male part 18 of the flat connector salient 
from the block 15. The female part 19 is designed to be connected to an additional 
male connector inserted in an opening of the block 15. As before, the connector 11 
can be formed by a blade having a thickness comprised between 50 and 500/ym, 
typically 300//m, and a width comprised between 1 and 100mm, typically 4mm. The 

15 blade is terminated, at one end, by the female part 17. The block of insulating 
material 15 is preferably made of polymer or resin. A block of insulating material 15 
can group several connectors 11, the female part 19 serving the purpose of 
connecting the connectors 1 1 corresponding to an external male connector inserted 
in a common opening of the block 15. 

20 



In an alternative embodiment (not shown), the seal 12 is arranged at the end of the 
module and the female parts 1 7 of the connectors 1 1 are arranged at the end of the 
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substrates 3 and 4 outside the tight volume. The female parts 17 and male parts 18 
can then have larger dimensions. 

In another particular embodiment represented in figures 4 and 5, at least one 
5 substantially L-shaped connector 11 enters the block of insulating material 15, 
forming a right angle 20. Ends 1 1' of the connectors 1 1 are arranged on the wall of a 
cylindrical opening 21 of the pin 13. This cylindrical opening forms a female part, with 
the ends 11', designed to operate in conjunction with an external connector inserted 
in the opening. The block of insulating material 15 is preferably made of glass and 

10 sealed to the substrates 3 and 4. The pin 13 can be achieved by high temperature 
molding of a vitreous component around the ends of the connectors 1 1 . The external 
connector 13 is then placed at the periphery of the substrates 3 and 4 when the 
module assembly operation is performed and welded to the substrates 3 and 4 by 
means of a sealing glass, for example identical to the material constituting the seal 

15 12. 

A particular alternative embodiment of the pin 13 of figures 4 and 5 is represented in 
figures 6 and 7. The block of insulating material 15 of the pin 13 comprises two glass 
substrates 22 and 23 surrounding several connectors 1 1 separated by the glass 
20 blades 24, the assembly being bonded by a sealing glass 25. The glass blades 
typically have a thickness comprised between 0.1mm and 0.5mm. 
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In figure 8, the connector 1 1 is terminated at the external end thereof by a flexible part 
26, acting as a spring, integrated in the block of insulating material 15 and coming 
into contact with a contact zone 27 arranged at the periphery of an opening of the 
block 15 and designed to be connected to an external male connector inserted in the 
5 opening. The flexible part 26 and connector 1 1 can be gold-plated. The block of 
insulating material 15 can be made of polymer or resin and glued against the 
substrates 3 and 4. Several springs 26 can be connected to a common pin 13 
comprising a single opening. 

10 The external connecting means of the photovoltaic module described above are 
suitable for modules supplying a current comprised between 1A and 10A and a 
voltage comprised between IV and 60V. 

The invention is not limited to the particular embodiments represented. In particular, 
15 the connectors 1 1 can be connected to the connecting conductors 5 of any type of 
photovoltaic module. The connecting conductors 5 can, in particular, be arranged 
either on each side of a cell or on the same side of the cell, more particularly on the 
rear face of the cell in the case where the positive and negative poles of a cell are 
located on the rear face of the latter. One of the substrates can be made of metal or 
20 plastic material. 



